This paper examines the effects of information and communication technology (ICT) and offshoring on the skill demand in Japanese manufacturing. One of the contributions of this paper is that we focus explicitly on the demand for low-wage part-time workers, which we call low skilled workers. Estimating a system of variable factor demands for the period 1980-2011, we found that industries with higher ICT stock shifted demand from middle-low to middle-high and low skilled workers. Offshoring is associated with the increasing demand for high skilled workers but it has insignificant effects on the demand for middle-high, middle-low, and low skilled workers. The results together suggest that the increasing demand for low-wage part-time workers can be attributable to ICT in Japan.
1 Introduction 1 effects of skill-biased technological change and offshoring simultaneously. 4 This approach was first proposed by Hijzen et al. (2005) which examined the skill demand in the United Kingdom. Ahn et al. (2008) applied this framework to Japan and Korea. 5 Using detailed industry data in Japan and Korea between 1988 and 2002, they found that the labor demand shifted to skilled workers in Japanese manufacturing due to offshoring.
Their study did not focus explicitly on low-wage part-time workers although their study contributes to the literature. As we will see in Section 3, the average wages of the Japanese manufacturing workers can be classified into four groups: 1) university graduates; 2) college or high school graduates; 3) junior-high school graduates; and 4) part-time workers. Because the share of part-time workers is increasing while the growth of their wages remains low, including part-time workers is important in the context of the Japanese labor market.
The second strand of the literature is the studies of part-time workers. Several studies examined the supply and wages of part-time workers in Japan. However, only a few studies focused on the demand for them. An example of such a study is Gaston and Kishi (2007) .
One of their research questions is why firms increasingly employ part-time workers in jobs traditionally offered to full-time workers. Using the establishment data for the period between 1999 and 2001, they found that "manufacturing firms are outsourcing in lieu of hiring domestic part-time workers" (p.435). Although their study presented interesting findings, their study did not control for the effect of technological change. Besides, it is not clear why the demand for part-time workers increased rather than decreased, despite the fact that manufacturing firms increased outsourcing.
The third strand is the studies that investigate the determinants of demand for non-4 Another approach is to estimate a single cost function rather than the system of cost functions. See, for example, Sasaki and Sakura (2005) and Yamashita (2008) . This paper focuses on the system of cost functions because the demand for skilled and unskilled workers is determined simultaneously.
5 A more recent study by Foster-McGregor et al. (2013) examined the labor demand for 40 countries, including Japan. However, because their main interest is on the cross-country comparisons, they did not focus explicitly on Japan. regular or temporary workers in Japan. For example, Asano et al. (2013) examined the effects of ICT on non-regular workers, 6 using firm-level data for the period between 1998
and 2006 in Japan. In their study, non-regular workers are the sum of part-time workers and temporary workers. The part-time workers are workers who work shorter hours or days than regular workers. The temporary workers are defined as workers who were hired under a contact that extends one month or shorter. Using firm-level data, they found that the introduction of ICT increased firms' usage of non-regular workers. However, their study did not control for the effects of offshoring. 7 A more recent study by Tanaka (2016) examined the effects of offshoring on the demand for temporary workers, using firm-level data in Japan for the period between 2001 and 2007. His study found that offshoring increased the demand for temporary workers. However, his study did not control for the effects of ICT. Moreover, neither Asano et al. (2013) nor Tanaka (2016) took into account the difference of skills.
Building upon these three strands of literature, this paper examines the effects of offshoring and skill-biased technological change on skill demand in Japanese manufacturing.
Our study extends the previous studies in three ways. First, our study utilized a more detailed skill classification than that of previous studies. Specifically, we focus explicitly on low-wage part-time workers, which we define as the workers whose average number of hours worked in a week is less than 35. 8 To the best of our knowledge, our focusing on the parttime workers is the first attempt in the literature to integrate the effects of offshoring and skill-biased technological change on skill demand.
Second, this paper improves the measurement of skill-biased technological change. Several studies including Ahn et al. (2008) utilized R&D expenditure for the proxy of skill-biased 6 Asano et al. (2013) called non-regular workers as nonstandard workers. 7 Similarly, Ikenaga (2009) found that the ICT complemented workers with non-routine analytic tasks while substituting them with routine tasks. However, her study also did not take into account the effects of offshoring.
8 Note that 44 percent of non-regular workers work more than 35 hours per week in 2008 (Asano et al., 2013, Table 1 ). Full-time workers in this paper are not necessarily regular workers. technological change.
9 However, R&D expenditure is not necessarily an appropriate proxy the use of computers or other high-tech equipment. One of the reasons is that R&D expenditure is generally measured by flow while computer equipment is measured by stock.
Theoretically, the inputs of the production function should be measured by stock. If R&D is measured by flow, the accumulation of experience and knowledge from R&D in the previous years will be ignored completely. To overcome this problem, a more recent study by Michaels et al. (2014) utilized ICT stock as a proxy for skill-biased technology change. ICT stock is a more appropriate proxy for skill-biased technological change because it includes both computers and other high-tech equipment and it is measured by stock. Following Michaels et al.
(2014), we utilize ICT capital stock as a proxy.
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Finally, our study covers a longer period (i.e., from 1980 to 2011) than that of other studies, including more recent years. Our study presents a comprehensive picture of the Japanese manufacturing for the last 30 years. 11 Moreover, our study is the latest update of the studies on the effects of ICT and offshoring on the skill structure in Japan.
The rest of the paper is organized as follows. Section 2 describes the empirical framework.
Section 3 explains the data used in this paper. In Section 4, we present the estimation results.
A summary and concluding remarks are presented in Section 5.
9 Foster-McGregor et al. (2013) utilized industry-country specific time trend to control for the effect of technological change. 10 Michaels et al. (2014) also examined the effects of offshoring and skill-biased technological change for 11 countries, including Japan. However, their analysis is based not on system but on a single factor demand function.
11 Note that Michaels et al. (2014) applied the US import-use matrix in 1987 to other countries in other years. This is a problem because the import-use structure is basically assumed to be constant over the period. We relax this assumption in our empirical analysis, allowing for the changes in import-use matrix over the period.
2 Econometric Methodology

Model
Let i be the index of industry (i = 1, ..., N ); j be the index of factor (j = 1, ..., J); k be the index of fixed input or output (k = 1, ..., K); and r be the index of proxy for technological change (r = 1, ..., R). For the ease of presentation, we omit time subscript t, unless otherwise noted. As in Berndt (1991) , assume that the industry cost function can be represented by a translog form, which is twice differentiable, linearly homogenous, and concave in factor prices. The cost function of industry i, C i , can be represented as follows:
Without loss of generality, symmetry implies α js = α sj . Let v ij be the variable input j in industry i. Differentiating the translog cost function with respect to factor prices, we have 5 the cost share of factor j in total variable costs:
where
S ij = 1. Adding time subscript t and error term µ ijt and taking into account the industry-factor specific fixed effects α ij , regression equation is written as: shocks. Factor-specific time trend T jt is also included to control for some of the effects of factor supply j (e.g., the declining supply of junior-high school graduates).
Elasticities
Without a loss of generality, remove industry subscript i and time subscript t for the ease of the exposition. The cost share of factor j is written as S j . The elasticity of factor demand j with respect to a change in factor prices is:
where φ js = 1 if j = s and φ js = 0 if j = s, J j=1 ε js = 0, andα js is an estimated parameter value in equation (4). The elasticity of factor demand j with respect to a change in non-ICT 6 capital stock or output is:
where J j=1 ε jk = 1 andδ jk is an estimated parameter value in equation (4). The elasticity of factor demand with respect to skill-biased technological change due to offshoring is:
where J j=1 ε jr = 1 andα jr is an estimated parameter value in equation (4).
3 Trends in Labor Markets, ICT, and Offshoring in The labor inputs consist of the following six categories: 1) university graduates or higher;
2) college graduates; 3) high school graduates; 4) junior high school graduates; 5) part-time workers; and 6) self-employed workers. The educational level of the last two categories is not available. In the JIP database, the part-time workers are defined as the workers whose average number of hours worked in a week is less than 35 hours. 16 The labor costs are the sum of monthly wages plus bonuses. The average wages are obtained from the labor costs divided by the product of the number of workers and hours worked. middle-high wage category that consists of high school and college graduates (2,954 JPY estimating a production function. See, for example, Kiyota et al. (2009) and Dobbelaere et al. (2015) for the case of Japanese firms. 15 Because the JIP database follows the coverage of Japanese 93 Social and National Accounts, own-account software and prepackaged software are not included in ICT capital stock. 16 The coverage of the non-regular workers is wider than that of the part-time workers because some of the non-regular workers works more than 35 hours per week. and 2,859 JPY, respectively); 3) middle-low wage category that consists of junior-high school graduates (2,320 JPY); and 4) low wage category that consists of part-time workers and selfemployed workers (923 JPY and 792 JPY, respectively). The average wages of part-time and self-employed workers is less than half of that of junior-high school graduates. Difference between college/high school graduates and junior-high school graduates is also not negligibly small in 2011.
Second, the share of part-time workers in manufacturing employment expanded significantly. The employment share of part-time workers grew from 7.7 percent in 1980 to 17.7 percent in 2011.
17 Noting that the share of university graduates was 18.5 percent in 2011, the size of part-time workers is not negligible in Japanese manufacturing employment.
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Third, both the share of the highest wage category (i.e., university graduates) and that of the lowest wage categories (i.e., self-employed and part-time workers) increased from 1980 to 2011. On the flipside, the share of the middle wage categories (i.e., college, high-school, and junior high-school graduates) declined over the period. This result may imply the "job polarization" of the labor market, where there is a simultaneous growth of high-education, high-wage jobs at one end and low-education, low-wage jobs at the other end, both at the expense of middle-wage, middle education jobs (Goos and Manning, 2007) . Note that self-employed workers are employer rather than employee. It is not clear whether the demand for employers can be estimated in the same framework as the demand for employees. Note also that the skills required to part-time workers are generally lower than the skills required to full-time workers. According to Japan Institute for Labour Policy and Training (JILPT) (2008, Figure 8 -1-1), jobs that firms assign to non-regular workers, including part-time workers, are those that require only one-week experience or training, regardless of the educational background of part-time workers. In contrast, jobs that firms assign to regular workers are those that require more than three-year experiences. This implies that the par-time workers' job requires generally lower skills than full-time workers' job.
Based on these observations, this paper classifies labor inputs into four groups: 1) High skilled workers which are defined as university graduates; 2) Middle-high skilled workers which are defined as college or high school graduates; 3) Middle-low skilled workers which are defined as junior-high school graduates; and 4) Low skilled workers which are defined as part-time workers. 19 We exclude self-employed workers from the analysis for the reason noted above.
One may be concerned that the part-time workers are not necessarily low education workers. According to Ministry of Health and Welfare (2010), however, 56.6 percent of part-time workers are either junior-high school or high school graduates in 2010. Only 12.4 percent of the part-time workers are university (or graduate school) graduates. Together with the fact that the part-time workers earn low wages, this paper classifies them as low skilled workers.
Offshoring
The offshoring is computed using import-use matrices of input-output tables for manufacturing industries between 1980 and 2011. 20 The input-output table is available every five year between 1980 and 2005, and 2011 (i.e., 7 years: 1980, 1985, 1990, 1995, 2000, 2005, and 2011 ). Unlike Michaels et al. (2014) that applied the US import-use matrix in 1987 to other countries in other years, we allow the import-use matrix changes over the period.
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There are two types of offshoring in the literature. One is the narrow offshoring S 
workers in part-time workers was 57 percent in 2011. The share of female workers in part-time workers is declining in recent years, implying that the male part-time workers are increasing. Our companion paper, Kiyota and Maruyama (2016b) , examined the effects of ICT and offshoring on the labor demand, focusing on the difference between female and male workers. 20 The construction of the import-use matrices are explained in the Appendix of Kiyota and Maruyama (2016a) .
21 Note that the import-use matrix is not available in every year in many countries. Some studies such as Hijzen et al. (2005) and Ahn et al. (2008) employed linear extrapolation (or interpolation) for the missing years to fill the gaps. In this paper, however, we do not employ the linear extrapolation (or interpolation). Feenstra and Hanson (1999) refered to this measure of offshoring as the narrow measure of offshoring.
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The broad measure is defined as all the imported intermediate inputs in an industry i divided by the industry i's total tradable intermediate inputs:
Feenstra and Hanson (1999) prefer the narrow measure to the broad measure because the essence of fragmentation, which necessarily takes place within the industry, is closer in the narrow measure to the broad measure. In the baseline model of our analysis, we utilize the narrow definition of offshoring. In Section 5 of Kiyota and Maruyama (2016a) , we also use the broad measure to check the robustness of our results.
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One may be concerned that offshoring is growing not only in manufacturing but also 22 Note that there is a slight abuse of notation where both i and j stand for industries. To maintain the consistency, M ijt stands for the imported intermediate inputs from industry j to industry i, which is opposite from the standard notation in the input-output analysis.
23 For some industries such as Seafood products and Livestock products, inputs mainly come from agricultural industries. If we focus on manufacturing intermediate inputs, these industries tend to show high offshoring index because their manufacturing inputs are low. In the baseline model, therefore, we take into account agricultural intermediate inputs. To check the robustness of our results, Kiyota and Maruyama (2016a) Figure A2 of Kiyota and Maruyama (2016a) . Although China presents the largest share, Japan also imports intermediate inputs from high-income countries such as Korea, the United States, Taiwan, and Germany. This result means that Japanese offshoring goes not only toward developing countries but also toward developed countries. Distinguishing the difference between the offshoring toward developing and developed countries is an important issue for future research.
in services industries (Amiti and Wei, 2005) . Even though we recognize the importance of services offshoring, the JIP database is not fine enough to zoom in on those services that are heavily offshored, such as consultancy and accounting services. The lowest level of detail in the JIP database is other services for business, which for the major part contains activities that are not internationally offshored. It may be too abstract to utilize the JIP database for the analysis of services offshoring. In this paper, therefore, we focus on manufacturing industries only. Tables 1 and 2 report some summary statistics for the labor market and production data for 1980-2011. Table 1 Tables 1 & 2 ===   Table 2 presents average annual changes for the quantities and prices of inputs and output between 1980 and 2011. Two messages stand out from this table. First, the cost shares were fairly stable over the sample period. The annual percentage change is less than 1 percent for all the cost shares. This result is quite similar to that in the United Kingdom reported in Hijzen et al. (2005) . Second, however, some of the input quantities and flexible factor prices indicate a large change. For example, the demand for high skilled workers grew at 1.3 percent per year whereas the demand for the middle-low skilled workers declined at 7.7 13 percent per year. The average wage grew at around 1.8 percent for low, middle-high, and high skilled workers whereas at 1.6 percent for middle-low skilled workers. As a result, as we confirmed in Figure 1 , the wage gap between low skilled and other groups of workers expanded from 1980 to 2011. === Table 3 === Finally, the share of the ICT capital stock to total capital stock increased rapidly. The ICT capital share increased from 2.4 percent in 1980 to 15.0 percent in 2011. Because the ICT capital stock and offshoring increased over the period, the increase in the relative demand for skilled labor can be explained by offshoring or skill-biased technological change (or both). We now turn to the econometric analysis.
Descriptive statistics
Results
Preliminary analysis
Before going to the detailed analysis on factor demand, it is useful to examine how the demand for part-time workers is different from the demand for full-time workers in order to grasp the overall picture of the labor demand in Japan. As a preliminary analysis, we decompose employees to full-time and part-time workers. Equation is estimated by the group of workers. Therefore, there are two equations to be estimated (for full-time and part-time workers). We denote full-time and part-time workers as L F and L L , respectively, and their wages as w F and w L , respectively.
The first two columns in Table 4 present the estimation results of equation (4). Due to the symmetry constraint, the coefficients of
are the same. Note also that the demand for each group of workers could be determined simultaneously. We test the null hypothesis that the error terms across equations are contemporaneously uncorrelated, using the Breusch-Pagan test. The null hypothesis is rejected at 1 percent level. Because the error terms across equations are correlated with each other, the system of equations should be estimated by the seemingly unrelated regression (SUR) model. We also test the null hypothesis that the industry-factor fixed effect equals zero, which is rejected at 1 percent level in all equations. This implies that the SUR with fixed effects performs better than the SUR without fixed effect. It is important to control for unobserved industry heterogeneity in estimating labor demand.
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=== Table 4 ===
The last three columns in Table 4 present the elasticities of factor demands. The elas-ticities are computed, using the estimated parameters and simple average cost shares across industries and years. Five findings are evident from this table. First, all the own price elasticities are negative and statistically significant (in italic in Table 4 ). This means that a necessary (but not sufficient) condition for concavity in factor prices is satisfied. In other words, the cost functions are well behaved in the sense that they are consistent with standard economic theory (Hijzen et al., 2005, p.870) . Second, in both full-time and part-time workers, increases in wages have positive effects on the demand for materials. This implies that labor and material substitute for each other.
Third, the offshoring has insignificant effects on the demand for both full-time and parttime workers. Fourth, the effect of the ICT capital on the demand for part-time workers is significantly positive but it is insignificant for full-time workers. Finally, the effect of non-ICT capital is insignificant for the demand for both full-time and part-time workers.
These results together suggest that neither offshoring nor ICT capital is harmful for the demand for part-time workers. Indeed, ICT capital has significantly positive effects on the demand for part-time workers. However, the effects on full-time workers could be different across skill groups. For example, if some groups of full-time workers have positive effects from offshoring while others have negative effects, these effects may offset each other. As a result, we might find insignificant effects of offshoring on the demand for full-time workers.
The next section addresses this issue in more detail.
Baseline model
This section further decomposes the full-time workers into three groups to examine how offshoring and ICT capital have different effects across groups. 28 We first estimate equation (4). 29 Similar to the preliminary analysis, the Breusch-Pagan test rejects the null hypothesis that the error terms across equations are contemporaneously uncorrelated at 1 percent level.
The null hypothesis that the fixed effect equals zero is also rejected at 1 percent level in all equations. We thus report the SUR results with fixed effects. Table 5 ). Second, regardless of the groups, increases in wages have positive effects on the demand for materials.
=== Table 5 === Third, the offshoring has significantly positive effects on the demand for high skilled workers. However, the effect of offshoring on the demand for low, middle-low, and middlehigh skilled workers is insignificant. This result suggests that the offshoring is not harmful for workers although it is complementary only to high skilled workers. The result is consistent with the findings of the previous studies such as Ahn et al. (2008) which found that the labor demand shifted to skilled workers in Japanese manufacturing due to offshoring. The result is also consistent with the findings of the previous studies such as Kambayashi and Kiyota (2015) and Yamashita and Fukao (2010) which found that the negative effects of foreign direct investment on employment were, if any, rather small in Japan.
Fourth, the effect of the ICT capital on the demand for middle-high, middle-low, and low skilled workers is significantly positive, significantly negative, and significantly positive, respectively. This result implies that ICT has different effects across skills: it complements the middle-high and low skilled workers but substitutes for the middle-low skilled workers.
Industries with higher ICT stock shifted demand from middle-low skilled workers to middlehigh skilled and low skilled workers.
The insignificant effect of the ICT capital on the demand for high skilled workers is a bit puzzling. One possible reason may be that the university graduates work at a variety of tasks due to their growing supply and the tight job market in the lost two decades. Some engage in high skilled non-routine tasks but others engage in less skilled routine tasks. Such heterogeneity in the university graduates may offset the effects of the ICT capital with each other.
Finally, the effect of non-ICT capital is significantly positive for the demand for middlelow skilled workers while significantly negative for the demand for middle-high and low skilled workers. The effect of non-ICT capital is insignificant for the demand for high skilled workers. Note that ICT capital has the opposite effect for the demand for middle-high, middle-low, and low skilled workers, the results suggest that non-ICT capital stock offset some of the effects of ICT-capital stock. In other words, the non-ICT capital complements the employment of middle-low skilled workers while substituting that of middle-high and low skilled workers.
In the baseline model, we found that offshoring was not harmful for workers. However, one may be concerned that our results are sensitive to the measurement of the offshoring, sample selection, or additional control variables. To check the robustness of our results, 1) we replace the narrow offshoring variable with the broad offshoring; 2) we use all intermediate inputs and gross output as the denominator in equation (8); 3) we include R&D intensity as an additional control variable; and 4) we estimate the system of equation, excluding the part-time workers.
The results are presented in the working version of this paper (Kiyota and Maruyama, 2016a) . We confirmed the positive and significant effects of offshoring on the demand for high skilled workers in most specifications. We also confirmed that the effect of ICT is significantly positive for middle-high and low skilled workers while significantly negative for middle-low skilled workers in all specifications. Moreover, the effects of offshoring on the demand for low skilled workers are insignificant in all specifications. We thus conclude that 18 our main messages are generally robust.
In sum, the effects of ICT and offshoring are different across groups. The demand for middle-low skilled workers has negative effects from ICT. The middle-high and low skilled workers have positive effects from ICT while the high skilled workers have benefits from offshoring. Autor (2015) pointed out that "automation and new technology were going to wipe out large numbers of middle class jobs" (p.3). Our result is consistent with this ICTbased "job polarization." A part of the growing demand for part-time workers thus can be explained by the expansion of ICT. As mentioned above, the effects of ICT and offshoring on the demand for part-time workers have not been examined in the previous studies such as Ahn et al. (2008) . Our results provide a fresh insight for the discussion on the increasing demand for part-time workers.
Concluding Remarks
With the growing demand for skilled workers relative to unskilled workers, the wage inequality between skilled and unskilled workers is increasing in many countries. Determining which of these explanations account for the changes is an empirical question. It is widely believed that low skilled workers are significantly affected by the ICT and offshoring in Japan. To answer this question is very important for workers as well as policy makers in Japan.
This paper examines empirically the link between ICT, offshoring, and the skill structure of labor demand in Japan. One of the contributions of this paper is that we focus explicitly on the demand for low-wage part-time workers. Offshoring is calculated using import-use matrices of input-output tables for manufacturing industries between 1980 and 2011. Estimating a system of variable factor demands, we found that offshoring was associated with the increasing demand for high skilled workers. We also found insignificant effects of offshoring on middle-high, middle-low, and low skilled workers. Industries with higher ICT stock shifted demand from middle-low workers to middle-high and low skilled workers, which is consistent with the ICT-based "job polarization." These results are generally robust even when we use different measures of offshoring or we include an additional control variable. The results together suggest that the increasing demand for low-wage part-time workers is attributable to ICT in Japan. Note that the effects of ICT and offshoring on the demand for part-time workers have not been examined in the previous studies such as Ahn et al. (2008) . Our results provide a fresh insight for the discussion on the increasing demand for part-time workers.
While we found significantly positive effects of ICT on the demand for part-time workers, we could not ascertain the rapid growth of their wages. This is puzzling because, as Autor (2015, p.5) pointed out, the polarization of the labor market typically associated with the disproportional wage gains to those at the top and at the bottom of the income and skill distribution. Our analysis also could not identify the detailed mechanism of the effects of ICT on the increasing demand for part-time workers because of the use of aggregate (i.e., industry-level) data. For example, the complementarity between ICT and part-time workers could be due to the increasing demand for part-time workers who utilize ICT. It could also be attributable to the increasing demand for some routine works that cannot be substituted by ICT. Based on the fact that the share of part-time workers is increasing rapidly, more detailed analysis of the demand for part-time workers using task-level data is important.
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Moreover, although we control for some of the supply side effects by the factor-specific time trend, a more sophisticated approach is needed to control for the supply side effects in a precise way. Some of these questions will be clarified in our future research. 
